Abstract In this retrospective case series 80 patients divided in 40 matched pair groups with an arthroscopically proven ACL insufficiency were followed up for 15 years. One half was reconstructed using an autologous BTB patella graft, the other half was treated by a conservative physiotherapeutic based rehabilitation program. At follow-up the clinical scores (Lysholm, IKDC) showed no significant differences between subjects who had undergone ACL reconstruction and those who had not. Furthermore there was no detectable difference in the incidence of osteoarthritis between the cohorts. Patients having a negative pivot shift test showed significantly less signs of radiographic osteoarthritis and better functional assessment scores whether reconstructed or not. Based on these results and a review of the literature there is no clear evidence that ACL reconstruction reduces the rate of OA development or improves the long-term symptomatic outcome. Probably review of reconstruction by an anatomical approach will be more successful than operative techniques decades ago.
Introduction
Reconstruction of the ACL is a well-established procedure worldwide. It is estimated that more than 100,000 reconstructions are performed in the United States per year [1] . Even though the anterior cruciate reconstruction technique has provided high patient outcome success rates [2, 3] , there are still patients complaining of persistent knee pain and instability [4] . Despite the fact that operative therapy is widely used there is still insufficient evidence to determine whether surgical or nonsurgical treatment is best for patients suffering from an anterior cruciate ligament injury [5] . Several treatment algorithms for the management of the anterior cruciate ligament injured knee have been proposed, none being superior to the other [6] . On the one hand welldesigned investigations have documented potentially lower rates of subsequent meniscal and chondral injuries after surgical treatment, whereas on the other, the risk of secondary osteoarthritis (OA) remains high following operative reconstruction [7] [8] [9] [10] . One of the main reasons for ligament reconstruction is to avoid a degenerative destruction of the joint cartilage. Even though degeneration of the joint increases over longer periods of time [11] , investigations reporting the long-term results of ACL reconstructions are rare. Therefore the purpose of this retrospective study was to investigate the outcome of the ACL-injured patient treated by reconstruction with a patellar tendon autograft respectively undergoing a conservative physiotherapy-based rehabilitation program after a follow-up of 15 years. We postulated that patients willing to reduce their sportive activity and take part in a physiotherapy rehabilitation program have a similar longterm outcome as patients who have operative repair.
were treated in our institution. Patients with bilateral ACL injury (n=12), revision ACL reconstruction (n=10) and other ligament pathologies associated with the ACL injury were excluded (Fig. 1) . Therefore 126 patients were initially eligible to participate in the study.
The decision for operative ACL reconstruction or conservative therapy was based on clinical and personal patient related factors. All patients were intensively informed on both treatment strategies. Operative management was chosen if the patient participated in sports at a professional level (n =14), took part in sport activities including pivoting, cutting or sidestepping and were not willing to decrease the activity level (n = 29) or an explicit wish to have a primary ACL reconstruction (n =24).
Therefore the ACL reconstructed group (ACL group) comprised 67 patients, while the non reconstructed group (non ACL group) consisted of 59 individuals. During the follow-up period graft rupture occurred in eight (12%) of the 67 patients in the reconstructed group. A secondary reconstruction for persistent instability was performed in six patients in the non reconstructed group (10%).
Despite extensive searches 12 patients could not be located, two died for unrelated reasons, leaving 98 patients as potential individuals. Out of this cohort 40 matched pair groups were built according to age, gender, BMI and concomitant injuries (Table 1) .
Treatment algorithm
In all patients (ACL and non ACL group) a diagnostic arthroscopy and verification of a complete ACL tear was performed and the torn ACL was debrided. Meniscal status and the pattern of meniscal injury were recorded. Partial meniscectomy was performed in nine patients in the reconstructed group (23%), while ten patients underwent partial meniscectomy in the non reconstructed group (25%).
Operative ACL reconstruction (ACL group)
The central third of the patella (10 mm in width) was harvested through a single longitudinal incision. The graft was removed with a rectangular bone plug (20-25 mm in length). The tendon portion of the graft was freed from fat, and the bone blocks were trimmed to fit a 10-mm-diameter bone tunnel. An arthroscopic-assisted reconstruction was used. The torn ACL was debrided and the anatomical tibial and femoral footprints were identified and left intact. The tibial tunnel was drilled using a 55°drillguide under arthroscopic view through the posterior part of the middle of the tibial ACL footprint. To create the femoral tunnel a 5-mm offset guide system was placed transtibially at the posterior margin of the intercondylar notch. The patellar tendon autograft was passed through the tibial tunnel using an Ethibond pull through suture. Bone blocks were positioned in the tunnel and the autograft was placed with its cortical edge oriented posteriorly within the femoral tunnel. The femoral side was secured with a metal interference screw placed anteriorly to minimize graft tissue injury. After femoral fixation the affected knee was cycled several times to assess graft fixation and isometry, and final fixation was achieved by using a metal interference screw alongside the tibial bone block with the knee in 30°flexion applying manual tension to the sutures on the tibial bone plug. Postoperatively the patients were immobilised in a full extension plaster cast for the first 14 days. Range of motion of the knee and isometric muscle exercises were then started and gradually progressed on the basis of closed kinetic chain callisthenics. Knee flexion of more than 90°a nd full weight bearing was allowed two months postoperatively. Indoor cycling and swimming were permitted anterior cruciate ligament insufficiency n=176
• revision ACL reconstruction (n=10)
• bilateral ACL reconstruction (n=12)
• posterior ligament insufficiency (n=9)
• medial or lateral collateral ligament insufficiency (n=10)
• posterolateral deficiency (n=9) after eight weeks, running after and 16 weeks. High-demand pivoting sports activities were allowed after nine months.
Conservative treatment (non ACL group)
Immediately after arthroscopy the non reconstructed patients were referred in a neuromuscular based rehabilitation program supervised by a physical therapist. The aim was to regain joint mobility and knee stability. The PT started with closed kinetic chain exercises. As the subjective patients' stability improved, the activity level was increased. All non reconstructed patients were instructed to avoid high demand pivot shift activities such as downhill skiing, soccer and comparable sports.
Clinical assessment at follow-up
The final examination was performed by two independent and blinded observers (D.Z., G.B.). Both knees of the patient were covered with a stockinette to blind the operated side and the incisions. The side-to-side anterior laxity was measured using the KT-1000 knee arthrometer (MEDmetric Corporation, San Diego, CA, USA) with the knee at 20°and 60°flexion. An anterior displacement force of 134 N was applied for the tibia of both the injured and the normal uninjured leg. The differences were noted in millimeters. For overall evaluation the International Knee Documentation Committee (IKDC), Lysholm and Tegner activity scores were used.
Radiological assessment
In both groups standard unilateral weight-bearing radiographic examinations in the anteroposterior view with the knee in 30°flexion and in lateral view were classified according to the IKDC guidelines as follows: A, normal; B, minimal changes and barely detectable joint space narrowing; C, moderate changes and joint space narrowing of up to 50%; and D, severe changes and more than 50% joint space narrowing. This grading has been shown to be reliable and reproducible with longitudinal data [12] . The radiographs were obtained twice, immediately after the index procedure and again at follow-up. According to a requirement of the local ethical committee, weight bearing radiographs of the contralateral limb could not be performed. 
Results

Demographic data
Both study cohorts comprised 80 patients, with an average age of 25.8 years (range 17-39 years) at the index operation. As shown in Table 1 , no statistical differences were noted preoperatively between the two groups with regard to the age, BMI, gender, time from injury to operation, meniscal injuries treated by partial menisectomy nor time of follow-up.
Clinical examinations (pivot-shift, KT-1000, range of motion)
At 15-year follow-up there was no significant differences in the side-to-side anterior laxity measurement with the KT-1000 between both groups (20°flexion for the ACL group was 1.98 mm and for the non ACL group it was 2.12 mm, T-test p=0.389; 60°flexion for the ACL group was 2.09 mm and for the non ACL group it was 2.23 mm, T-test p=0.732). Despite a trend towards a better reconstruction of the rotation stability for the ACL group, as evaluated by the pivot shift, a significant correlation could not be noted (Fisher exact test p=0.662). Of twenty patients reconstructed in the non ACL group 17 had a normal pivot shift and 23 (20 in ACL group) had a grade I rotation instability (Table 2) . At follow-up 24 patients (11 ACL group, 13 non ACL group) showed an extension deficit between 3°and 5°. While eight individuals in the non ACL group had a flexion deficit of more than 6°, 17 reconstructed patients had a reduced flexion, which was significant (p<0.05).
Overall evaluation (IKDC, Lysholm score, Tegner activity score)
We found no significant differences for the IKDC subjective (ACL group 69.9±17.0; non ACL group 75.9 ± 13.1; p= 0.069) and the Lysholm score (ACL group 68.0±19.8; non ACL group 75.5±15.9; p=0.066) at final follow-up between the two methods. Also, no differences were seen between both groups concerning the IKDC overall score. None of the patients were ranked as normal. Forty percent of the patients reconstructed with an autograft and 42.5% of the non reconstructed individuals were ranked as "nearly normal", while 60% (ACL) and 57.5 % (non ACL), respectively, were "abnormal" or "severely abnormal".
While there was no correlation between the functional clinical scores (IKDC and Lysholm score) and the anteriorposterior translation measured by the KT 1000 arthrometer, we found a significant relationship between the pivot shift and the clinical assessment scores. Patients having a negative pivot shift demonstrated significantly better results in the IKDC subjective and Lysholm score than patients having a rotational instability in the pivot shift test (p <0.001).
The evaluation of the Tegner activity score showed a significant decrease (p=0.036) from 7.6 points±1.5 (range 6-10) preoperatively to 4.7 points ± 1.8 (range 3-7) postoperatively in the ACL group, and 7.1 points ± 1.4 (range 6-9) preoperatively versus 5.1 points ± 1.9 (range 3-6) postoperatively in the non ACL group. Even though the reduction was significant for both methods, no difference was seen between the groups.
Further surgical interventions
There was a significantly higher rate (Fisher exact test, p= 0.028) of subsequent meniscal surgery in the non ACL group compared to the ACL group. After a mean of 65 months (range 15-110), 16 individuals of the nonreconstructed cohort (40%) and four patients initially reconstructed (mean 71 months, range 21-80) underwent a secondary partial menisectomy (10%).
Radiological examination
According to the IKDC guidelines there was a significant aggravation (Wilcoxon test p<0.001) in the radiographic grading in both groups. As shown in Table 3 25 knees in While no correlation was found for age, BMI, gender, time from injury to initial surgery, primary and subsequent meniscal surgery, functional outcome or the KT-1000 arthrometer, there was a significant relationship between a positive pivot shift at follow-up and the radiographic grading of OA (p<0.001).
Discussion
In this retrospective case series 80 patients divided in to 40 matched pair groups with arthroscopically proven ACL insufficiency were followed for 15 years. One half was reconstructed by an autologous BTB patella graft, the other half was treated by a conservative physiotherapy-based rehabilitation program.
Although it is claimed that surgical treatment is better to restore overall knee function [13] , the clinical results in our investigation were comparable for both treatment options. The applied self-reported assessment scores showed no significant differences between subjects who had undergone ACL reconstruction and those who had not. This finding was in line with the results published by the Cochrane group in 2005 [5] . This systematic review could not demonstrate any evidence from randomised trials to determine whether surgery or conservative management was best for ACL injury. Also they could not quote any evidence to inform current practice. In contrast to their report and other previously published investigations the mean Lysholm score was lower in both of our treatment cohorts. While Salmon et al. [11] showed good to excellent Lysholm knee scores in 80% of their patients, with a mean score of 89 points after 13 years of follow-up undergoing endoscopic ACL reconstruction, the present Lysholm mean was 68 points for our ACL reconstructed patients.
Also our non reconstructed patients scored less than in comparable investigations. Kostogiannis et al. [14] reported good functional scores in their conservatively-treated patients at the 15 year follow-up. As a large number of studies have reported on clinical assessment after ACL insufficiency but only few extend beyond ten years of follow-up [13] , we can just speculate on a potential influence of time as there is certain evidence of a significant deterioration of the clinical scores over time [11, 12] . Interestingly, the self-reported activity level graded according to Tegner had a mean of 4 for ACL and 5 for non-ACL and was therefore higher than in comparable studies [11, 12] . This could possibly indicate that the high proportion of fair results may be an expression of non acceptance of a lower activity level rather than evidence of a truly impaired knee function.
Another important finding of the present investigation was the influence of rotational stability on the incidence of osteoarthritis and the functional subjective outcome. Patients having a negative pivot shift test showed significantly less signs of radiographic osteoarthritis and better functional assessment scores independent of reconstruction. This is in line with the results published by Jonsson et al. [15] who suggested a positive pivot shift test as predictor of later osteoarthritis based on the results of a long-term radiographic evaluation. Also Kocher et al. reported a significant relationship between the pivot shift test grades and patient satisfaction, whereas anterior posterior laxity did not have influence on patient subjective assessment two years postoperatively [16] . In view of these observations it seems to be clear that one of the main targets of any outcome evaluation of ACL treatment should be the precise documentation of transverse plane rotatory stability. But as there is a variety of possible tools for measuring the rotational stability in the lab, the manual pivot shift test still remains the only validated parameter in the daily clinical routine. Even if there is an attempt of an objective quantitative measurement by several technical devices [17] [18] [19] [20] , objective quantitative assessment of the pivot shift phenomenon is currently lacking and the evaluation greatly depends on the examiner's subjective experience and impression [21, 22] . Therefore, accurate assessment of the pivot shift is essential to obtain an exact clinical assessment of ACL-deficient or reconstructed knee.
Furthermore, there was no detectable difference in the incidence of osteoarthritis between the cohorts. This finding was in line with the literature as there are no published data supporting a preventive effect of reconstructive ACL surgery against osteoarthritis. On the contrary, a study by Daniel et al. showed a trend towards a greater prevalence of osteoarthritis in surgically-treated than in non-surgically treated patients [7] . Also Kessler et al. reported on a significantly higher rate of osteoarthritis in patients 11 years following an operative treatment of ACL insufficiency [23] . In contrast to our investigation they excluded patients with meniscal injuries or chondral lesions, which rarely occur [24] . Although there are several publications [13, 25] showing a negative influence of meniscal resection on the incidence of osteoarthritis, this was not seen in our cohort. Even though there was a significantly higher rate of subsequent meniscal surgery in the non ACL group (40%) compared to the ACL group (10%), no correlation between the index operation and the amount of radiographic joint degeneration at follow-up was observed. There may be several reasons for this. One could be that in both treatment groups the percentage of degenerative changes was high and therefore statistical differences due to the restricted numbers of patients was probably too low. Another might be that the surgical treatment of subsequent meniscal injuries occurred after a mean of 65 months and the follow-up period until the present study was performed might be too short to develop significant radiographic aggravation of OA. Mainly due to its retrospective design this study has several limitations. The main focus of our investigation was to evaluate the long-term outcome. Therefore, we are unable to provide any clinical or radiological data for the short-or midterm results of our patients. So it is unclear if one of our cohorts is superior to the other in the chronological sequence of clinical or radiological parameters. Furthermore inexact documentation of parameters may lead to a certain bias. Despite this fact we believe that due to strict study and inclusion criteria and a high follow-up rate this potential error could be negligible.
Based on our results and a review of the literature there is no clear evidence that ACL reconstruction reduces the rate of OA development or improves the long-term symptom outcome [5, 13] . As degeneration of the joint increases over longer periods of time [11] , there is a need for well designed investigations reporting on long-term results of ACL reconstructions. Probably review of reconstruction by an anatomical approach will be more successful than operative techniques decades ago.
